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(57) According to one aspect of the present inven- 
tion an apparatus for nnultiple docunnent detection com- 
prises an ultrasonic transmitter (14) for transmitting an 
ultrasonic signal (16). An ultrasonic receiver (20) re- 
ceives the ultrasonic signal (1 7), after it passes through 
the at least one of the multiple documents (1 8). A phase 
comparator (24) compares the transmitted ultrasonic 
signal (16) and the received ultrasonic signal (17). and 
an amplitude measurement circuit (26) compares the re- 
ceived ultrasonic signal (17) to a reference. A micro- 
processor (32) compares an information signal (28) 
from the phase comparator (24) and an infomnation sig- 
nal (30) from the amplitude measurement circuit (26) to 
a predetemnined threshold to determine If multiple doc- 
uments are present. 
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Description 

[0001] This invention relates in general to document 
transports and in particular, to ultrasonic detectors for 
multiple document feeds. 

[0002] Scanners and copiers use document feeders 
to transport documents into a machine. Mechanisms 
used for the transportation of documents, including pa- 
per or sheets of other material, have the capacity to ac- 
cidentally pick up more than one document fed from a 
stack of documents. It is necessary to detemilne when 
more than one document is pulled into a document 
transport since multiple documents may jam the trans- 
port or prevent processing some documents. 
[0003] There are two general methods for multiple 
document detection, contact and non-contact. The con- 
tact methods include measurement of small thickness 
changes with a contact foot or sensing arm that is in con- 
tact with the documents as they pass through the doc- 
ument transport. The contact foot is connected to a Lin- 
ear Voltage Differential Transducer (LVDT), or a mag- 
net, which Is sensed by a Hall Effect Sensor. These sen- 
sors can detect changes In thickness of less than 1 \im 
(10-6m). 

[0004] The major disadvantage to the contact method 
Is that anything in contact with moving paper, especially 
thin paper or ripped paper, can cause a malfunction 
such as a paper jam. The contact method also requires 
calibration using the maximum thickness document that 
will be fed through the document transport. When a 
thickness is measured which is above the calibration 
value plus a threshold, typically 30%, it is detemnined to 
be a multiple document feed. This method, however, will 
only work when documents having a uniform thickness 
are processed. Using a wheel on the end of the contact 
foot can reduce the chances of paper jam, however, the 
variations in the diameter of this wheel, due to the non- 
conformity's in manufacturing, must be taken into ac- 
count during the measurements, which further compli- 
cates the measurement. 

[0005] The primary non-contact method for multiple 
document detection sends ultrasound signals through 
the document stream to determine if more than one doc- 
ument is present. Sending ultrasound through paper re- 
sults In attenuation of the ultrasound signal. It is possible 
to detennine the presence of multiple documents by the 
change in attenuation of the signal received. This meth- 
od is independent of the thickness of the individual doc- 
uments and Is made without making contact with these 
documents. 

[0006] A typical contact document scanner is able to 
detect about 94% of the test multiple documents. An at- 
tenuation detector that was tested was only able to de- 
tect about 86% of these same test multiple documents, 
thus there is an opportunity for Improvement using ul- 
trasound detection. 

[0007] For detecting multiple documents by attenua- 
tion methods, the performance Improves as higher fre- 



quency transmitters and receivers are used. Unfortu- 
nately, the cost of these components also increases with 
frequency. There is also a limited range of paper thick- 
nesses that can be properly detected. Therefore, the at- 
5 tenuation method alone Is not suitable for multiple doc- 
ument detection. 

[0008] The phase shift of ultrasound signal passing 
through documents has been used to detect multiple 
document feeds. See US Patent No. 4,066,969 which 

10 Is herein Incorporated by reference. Unfortunately, de- 
tection of multiple documents using phase shift of the 
ultrasound signal is sensitive to document flutter, which 
gives false readings. For detecting multiple documents 
by phase methods, the pertomnance decreases at high- 

is er frequencies because the wavelength is shorter and 
the method becomes more sensitive to variations in doc- 
ument thickness. 

[0009] It is an object of the present invention to pro- 
vide an improved method and apparatus for multiple 
20 document detection, which Is both accurate and rela- 
tively inexperisive. 

[0010] An apparatus for multiple document detection 
in accordance with an embodiment of the present inven- 
tion includes a signaling system and an analyzer. The 

25 signaling system transmits a signal to and receives the 
signal from a document feed which comprises one or 
more documents. The analyzer detemnines if the docu- 
ment feed comprises two or more of the documents in 
response to a phase shift and an amplitude change be- 

30 tween the transmitted signal and the received signal. 
[001 1] A method for determining the presence of mul- 
tiple documents in accordance with another embodi- 
ment of the present Invention Includes the following 
steps. An ultrasonic signal is transmitted through a doc- 

35 ument feed comprising one or more documents. The ul- 
trasonic signal is received after It has passed through 
the document feed. A phase of the transmitted signal 
and a phase of the received signal are compared to pro- 
vide a first Infomnatlon signal. An amplitude of the trans- 

40 mitted signal and an amplitude of the received signal 
are compared to provide a second information signal. 
The first and second information signals are analyzed 
to detennine if the document feed comprises two or 
more of the documents. 

45 [001 2] An apparatus In accordance with another em- 
bodiment of the present invention includes a document 
processing system and a multiple document detection 
system. The document transports system supplies at 
least one document feed comprising one or more doc- 

50 uments to the document processing system. The multi- 
ple document detection system detemnines if the docu- 
ment feed comprises two or more of the documents 
based on a phase shift and an amplitude change be- 
tween a signal transmitted to and received from the doc- 

55 ument feed. 

[0013] This invention uses both phase shift and am- 
plitude variation of ultrasound passed through a docu- 
ment stream to detennine the presence of multiple doc- 
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uments. By using both phase and the ampiitude chang- 
es of the received ultrasound, the presence of nnultiple 
documents can be detected more reliably than is possi- 
ble by using phase detection alone or amplitude detec- 
tion alone. 

[001 4] Another advantage of the present invention is 
that the phase and amplitude changes in the received 
signal can be determined without physically contacting 
the paper. As a result, this invention will cause less doc- 
ument jams than direct contact methods. 
[0015] Another advantage of this invention is that a 
transmitter and receiver that is used for phase shift and 
amplitude detection will be less expensive than for the 
same equipment used for detecting each separately. 
Additionally, the invention is able to use a low frequency 
transmitter and receiver, which is low cost, is less sen- 
sitive to variations in document thickness, and Is able to 
detect a larger range of paper thickness. 
[001 6] The invention and its objects, various features, 
and advantages will become more apparent from the 
detailed description of the preferred embodiment pre- 
sented below. 

[001 7] Figure 1 is a block diagram of an ultrasonic de- 
tection circuit using phase shift and amplitude measure- 
ment in accordance with the present invention. 
[0018] Figure 2 is a perspective view of a [typical] 
sheet feeding device with an ultrasonic detection circuit 
in accordance with the present invention. 
[0019] Figure 1 shows an apparatus 10 for multiple 
document detection in accordance with one embodi- 
ment of the present invention. The apparatus includes 
a signaling system 11 and an analyzer 22. The signaling 
system transmits a signal to and receives the signal from 
a document feed which comprises one or more docu- 
ments. The analyzer determines is the document feed 
comprises two or more of the documents in response to 
a phase shift and an ampiitude change between the 
transmitted signal and the received signal. The present 
invention provides a number of advantages including 
providing an apparatus and a method for detecting the 
presence of multiple documents than has been possible 
with prior systems. 

[0020] In this partteular embodiment, the signaling 
system 11 includes an ultrasonic drive circuit 12, an ul- 
trasonk: transmitter 14, and an ultrasonic receiver 20, 
although other types of signaling systems with other 
components and operating in other frequency ranges or 
using other signals such as electromagnetics can be 
used. The ultrasonic drive circuit 1 2 provides a drive sig- 
nal 13 to the ultrasonrc transmitter 14. The ultrasonic 
transmitter 14 produces an ultrasonic signal 16 that 
passes through a document feed 18 and becomes an 
ultrasonic signal 1 7 with a different phase and amplitude 
which is then received by the ultrasonic receiver 20. 
Each document feed 1 8 comprises one or more docu- 
ments. The ultrasonic receiver 20 converts the received 
ultrasonic signal 1 7 into an electrical signal 21 . This re- 
sulting electrbal signal 21 Is conditioned and processed 



to interpret the amplitude and the phase infonrnation of 
the received ultrasonic signal 17. 
[0021 ] In this particular embodiment, the analyzer 22 
includes a phase comparator 24. an amplitude meas- 

5 urement circuit 26, and a microprocessor 32, although 
the other types of analyzers which can analyze phase 
and amplitude changes in a signal can be used. The 
electronic signal 21 is supplied to an input of the phase 
comparator 24 and of the amplitude measurement cir- 

10 cult 26. The resulting amplitude and phase information 
is used to make a determination of the presence of mul- 
tiple documents in the document feed 1 8 as described 
in more detail below. 

[0022] The ultrasonic signal 16 experiences a phase 

IS shift as it passes through each document feed 18 that 
is relatively independent of the thickness of the docu- 
ment or documents in the document feed 18. Instead, 
the phase shift experienced by the received ultrasonic 
signal 1 7 is approximately dependent on the number of 

20 documents in the document feed 1 8, because the inter- 
faces between the different document or documents in 
the document feed 1 8 through which the ultrasound sig- 
nal 16 passes, notthetotal thickness of the documents, 
effects the phase shift. The change in phase or phase 

25 difference in the received ultrasonic signal 1 7 is deter- 
mined by comparing the electronic signal 2 1 , which con- 
tains infomnation based on the phase shift, and the drive 
signal 13, which is directly related to the phase of the 
transmitted ultrasonic signal 1 6. These signals are com- 

30 pared by the phase comparator 24. The phase compa- 
rator 24 provides an infomnation signal 28 indicating the 
presence or absence of multiple documents based on 
the detected phase shift. 

[0023] The amplitude of the received ultrasonic signal 

35 1 7 Is dependent on both the thickness of the documents 
and the number of documents in the document feed 1 8 
that the transmitted ultrasonic signal 1 6 passes through. 
The amplitude of the received ultrasonic signal 1 7 which 
is represented by electrical signal 21 Is compared 

"^o against the amplitude of the transmitted ultrasonic sig- 
nal 16 which is represented by electrical signal 23. A 
larger decrease in ampiitude between the received and 
the transmitted ultrasonic signals 16 and 17 indicates 
the presence of multiple documents. The amplitude 

45 measurement circuit 26 provides an amplitude informa- 
tion signal 30 with an amplitude change dependent on 
the number of documents in the document feed 18 and 
to a lesser degree, the thtekness of these documents in 
the document feed 18. 

50 [0024] The information signal 28 from phase compa- 
rator 24 and the amplitude information signal 30 from 
the amplitude measurement circuit 26 are both fed to a 
microprocessor 32. The microprocessor 32 monitors in- 
formation signal 28 and information signal 30 to deter- 

55 mine if multiple documents are present. In the preferred 
embodiment both information signal 28 and information 
signal 30 must Indk^ate the presence of multiple docu- 
ments before the microprocessor 32 Indicates a multiple 
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document feed. In alternate embodlnnents nriicroproces- 
sor 32 nnay be progrannmed to indicate nnultiple docu- 
ments in the docunnent feed 18 if either the phase Infor- 
nnation signal 28 or the amplitude Information signal 30 
indicate multiple documents in the document feed 1 8. 
In yet another embodiment a weighting factor Is as- 
signed to each information signal 28 and 30 and a de- 
cision algorithm employed by the microprocessor 32 ap- 
plies the weighting factor to each information signal 28 
and 30 and then determines if multiple documents in the 
document feed 18 are present. In this particular embod- 
iment, the decision algorithm is phase time W1 plus am- 
plitude time W2 wherein W1 and W2 are predetemnined 
values. Other algorithms could be used. The particular 
weighting factors used for each infonnation signal 28 
and 30 can vary as needed based on a variety of factors, 
such as the thickness of the documents in the document 
feed. 

[0025] Use of both amplitude and phase from an ul- 
trasonic signal transmitted through documents results 
in a more accurate detection system. Additionally, the 
system in accordance with the present invention re- 
quires no contact with the documents so the system is 
less likely to jam than contact systems. 
[0026] In this particular embodiment, the transmitted 
signal 16 is an ultrasound signal, although other fre- 
quencies can be used. Ultrasonic is useful for detecting 
the presence or thickness of paper and other materials. 
As ultrasound, sound at ultrasonic frequencies passes 
through paper, it undergoes both a phase shift and an 
amplitude reduction. The present Invention uses these 
changes to detect the presence of a document and to 
determine the number of documents present. From this 
information, it is possible to detennine if overlapped doc- 
uments or multiple documents are present. 
[0027] A typical device or apparatus 41 employing a 
document transport, in this case a sheet feeder, is 
shown in Figure 2. The apparatus 41 includes a docu- 
ment processing system 43, a document transport sys- 
tem 42, and a multiple document detection system 10 
as illustrated in Figure 1 . A variety of different types of 
document processing systems 43 can be used, such as 
scanning devices, copiers, and facsimile machines. 
Since the components and operation of document 
processing systems 43 are well know to those of ordi- 
nary skill in the art, they will not be discussed here. 
[0028] In this particular embodiment, the document 
transport system 42 Is a sheet feeding devk;e which 
comprises a stack support 48 disposed in a first portion 
50 of a housing 52 which also houses the document 
processing system 43 in this example. A feed module 
54 is detachably mounted in a second portion 56 of the 
housing 52 so as to be In contact with a stack of docu- 
ments. Separator 66 is a mechanical means for reduc- 
ing multiple feeds. Ultrasonic transmitter 14 and ultra- 
sonic receiver 20 are positioned so that documents for 
each document feed 1 8 are transported between them 
after the documents leave the stack. Other locations in 



the document transport system 42 may also be suitable 
for positioning the ultrasonic transmitter and receiver 14 
and 20. Multiple documents in a document feed 18 
which are not physically separated by separator 66 are 
5 detected by the multiple document detection system 1 0 
as described above with reference to Figure 1 . Although 
one type of document transport system 42 is disclosed, 
other types of document transport systems 42 can also 
be used. 



Claims 

1 . An apparatus for multiple document detection com- 
f5 prising: 

a signaling system which transmits a signal to 
and receives the signal from a document feed, 
said document feed comprising one or more 
20 documents; and 

an analyzer which determines if said document 
feed comprises two or more of the documents 
in response to a phase shift and an amplitude 
change between said transmitted signal and 
25 said received signal. 

2. The apparatus for multiple document detection as 
in claim 1 wherein said signaling system comprises: 

30 a transmitter for transmitting said signal; 

a driver for driving the transmitter; and 
a receiver for receiving said signal. 

3. The apparatus for multiple document detection as 
35 in claim 1 wherein said analyzer comprises: 

a phase comparator for comparing said trans- 
mitted signal and said received signal; 
an amplitude measurement circuit generating 
40 an amplitude infomnatlon signal based on the 

comparison of said received signal to a second 
reference signal; and 

a processor detennining if said document feed 
comprises two or more of said documents in re- 
45 sponse to the phase information signal and said 

amplitude information signal. 

4. The apparatus for multiple document detection as 
in claim 3 wherein said document feed comprises 

50 two or more of said documents if either said phase 
information signal or said amplitude information sig- 
nal indicates two or more of said documents. 

5. The apparatus for multiple document detection as 
55 in claim 3 wherein said document feed comprises 

two or more of said documents only If both said 
phase infomiation signal and said amplitude infor- 
mation signal indicate two or more of said docu- 



25 



45 



50 



4 



BNSDOCID: <EP 1 1 48012A^L> 



7 EP 1 148 012 A2 

ments. 

The apparatus for multiple document detection as 
in claim 3 wherein; 

5 

said phase information signal is assigned a first 
weighting factor, 

said amplitude information signal is assigned a 
second weighting factor; and 
the processor determines if said document feed io 
comprises two or more of said documents in re- 
sponse to said phase information signal taking 
into account said first weighting factor and said 
amplitude information signal taking into ac- 
count said second weighting factor. is 

The apparatus for multiple document detection as 
in claim 1 wherein said signal Is an ultrasonic signal. 
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(57) According to one aspect of the present inven- 
tion an apparatus for multiple document detection com- 
prises an ultrasonic transmitter (14) for transmitting an 
ultrasonic signal (16). An ultrasonic receiver (20) re- 
ceives the ultrasonic signal (1 7), after it passes through 
the at least one of the multiple documents (1 8). A phase 
comparator (24) compares the transmitted ultrasonic 
signal (16) and the received ultrasonic signal (1 7), and 
an amplitude measurement circuit (26) compares the re- 
ceived ultrasonic signal (17) to a reference. A micro- 
processor (32) compares an Information signal (28) 
from the phase comparator (24) and an information sig- 
nal (30) from the amplitude measurement circuit (26) to 
a predetermined threshold to determine if multiple doc- 
uments are present. 
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